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(54) Preparation of 2-substituted pyridines 

(57) This invention relates to a process for preparing 
2-substituted pyridines via metal halogen exchange with 
sec-butyllithium on optionally substituted 2-bromo or 
2-iodopyridines. The resulting lithopyridine intermediate 



is reacted with an electrophile to provide the desired 
2-substituted pyridine. The substitution of sec-butyllith- 
ium for n-butyllithium in such a process results in an en- 
hanced yield and purity of the desired 2-substituted py- 
ridine. 
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Y aii) 

10 

and 

(ii) reacting a 2-lithiopyridine intermediate of formu- 
la (III) with an elect rophile to form a 2-substituted 
pyridine of formula (I) wherein 
is x is bromo or iodo, 

each Y is a group that is not reactive with the lithium 
compound under the reaction conditions used and 
Z is the residue of the electrophile. 



Description 

[0001] This invention relates to a process for prepar- 
ing 2-substituted pyridines via metal halogen exchange 
with sec-buty (lithium on optionally substituted 2-bromo 
or 2-iodopyridines. The resulting lithopyridine interme- 
diate is reacted with an electrophile to provide the de- 
sired 2-substituted pyridine. 

[0002] The reaction of a 2-bromo or a 2-iodopyridine 
with />-butyllithium is well known in the art. However, 
such a procedure can result in only a poor yield of the 
desired 2-substituted pyridine product which additional- 
ly suffers from low purity. We have unexpectedly discov- 
ered that the substitution of sec-butyllithium for n-butyl- 
lithium in such a process results in an enhanced yield 
and purity of the desired 2-substituted pyridine. 
[0003] EP 0 683 156 Al discloses the preparation of 
2-acetyl-5-chloropyridine from 2-bromo-5-chloropyrid- 
ine using n-buty I lithium as the lithiation agent folbwed 
by reaction with N,N-dimethylacetamide to provide the 
product. However, this reference does not teach or sug- 
gest the use of sec-butyllithium as the lithiation reagent 
with its attendant advantages. 
[0004] This invention provides a process for preparing 
a 2-substituted pyridine of formula (I) 




Y (D 

comprising the steps of 

(i) reacting a 2-substituted pyridine of formula (II) 




Y (id 

with sec-butyllithium to form a 2-lithiopyridine inter- 
mediate of formula (III) 



20 [0005] In a preferred embodiment, each Y is inde- 
pendently selected from the group consisting of a hy- 
drogen atom, fluoro, chloro, alky I, ftuoroalkyl, trichb- 
romethyl, alkoxy, fluoroalkoxy, alkylthio, fluoroalkylthio, 
N,N-dialkylcarboxamide, phenyl, and phenyl substitut- 
es ed with one or more groups independently selected from 
fluoro, chloro, alky I, fluoroalkyl, alkoxy, fluoroalkoxy, 
alkylthio, fluoroalkylthio, and N,N-dialkylcarboxamide. 
[0006] In a more preferred embodiment, each Y is in- 
dependently selected from the group consisting of a hy- 
30 drogen atom, fluoro, chloro, (C 1 -C 4 )alkyl, fluoro(C 1 -C 4 ) 
alkyl, (Cj-C^alkoxy, fluoro^ -C 4 )alkoxy, (C-,-C 4 ) 
alkylthio, fluoro^ -C 4 )alkyfthio, N,N-di(C r C 2 )alkylcar- 
boxamide, phenyl, and phenyl substituted with one or 
more groups independently selected from fluoro, chloro, 
35 (C r C 2 )alkyl, fluoro(C.,-C 2 )alkyl, (C r C 2 )alkoxy, fluoro 
(C r C 2 )alkoxy, (C^-C^alkylthio and fluoro(C.,-C 2 ) 
alkylthio. 

[0007] In an even more preferred embodiment, X is 
bromo and each Y is independently selected from the 
40 group consisting of a hydrogen atom, fluoro, chloro, me- 
thyl, ethyl, methoxy, ethoxy, trifiuoromethyl and trifluor- 
omethoxy. 

[0008] In a most preferred embodiment, each Y is in- 
dependently selected from the group consisting of a hy- 
4S drogen atom, fluoro, chloro, trifiuoromethyl and trifluor- 
omethoxy. 

[0009] Suitable electrophiles are those compounds 
that react to form a covalent bond with an anionic inter- 
mediate such as a compound of formula (III) and that 
so <jo not contain an acidic proton which can be deproto- 
nated by an anionic intermediate such as compound 
(III). In a preferred embodiment, the electrophile is se- 
lected from the group consisting of an alkyl iodide, a bro- 
moalkyl alkyl ether, an iodoalkyl alkyl ether, an aide- 
rs hyde, a ketone, a N.N-dialkylamide, an alkyl sulfate, a 
boron ester, an alkyl disulfide, an aryl disulfide, a nitrile, 
an alkyl chloroformate, carbon dioxide, a trialkylsilyl 
chloride, a trialkyltin chloride, sulfur dioxide, sulfonyl 
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chloride and a source of positive halogen. Suitable alky I 
iodides include, for example, iodomethane, iodoethane 
and iodopropane. Suitable bromoalkyl alky I ethers in- 
clude, for example, bromomethyl methyl ether. Suitable 
iodoalkyl alkyl ethers include, for example, iodoethyl 
ethyl ether. Suitable aldehydes include, for example, for- 
maldehyde and benzaldehyde. Suitable ketones in- 
clude, for example, benzophenone. Suitable N,N<li- 
alkylamides include, for example, N,N-dimethylforrna- 
mide, N,N-dimethylacetamide and N-formylpiperidine. 
Suitable alkyl sulfates include, for example, dimethylsul- 
fate. Suitable boron esters include, for example, trime- 
thyl borate and triisopropyl borate. Suitable alkyl di- 
sulfides include, for example, methyl disulfide and ethyl 
disulfide. Suitable aryl disulfides include, for example, 
phenyl disulfide. Suitable nitriles include, for example, 
acetonitrile and propiononitrile. Suitable alkyl chlorofor- 
mates include, for example, methyl chloroformate and 
ethyl chloroformate. Suitable trialkylsilyl chlorides in- 
clude, for example, trimethylsilyl chloride. Suitable tri- 
alkyltin chlorides include, for example, trimethyltin chlo- 
ride. Suitable sources of positive halogens include, for 
example, N-fluorobenzenesulfonimide, N-fluoro-O-ben- 
zenedisulfonimide, a N-fluoropyridinium salt, N-chloro- 
succinimide, and 2,2,2-trifluoroethyl iodide. 
[0010] In a preferred embodiment, the residue of the 
electrophile, Z, is alkyl, more preferably (C-,-C 6 )alkyl, 
alkoxyalkyl, more preferably (Cj-CsJalkoxyfC^^Jalkyl, 
alkylthio, more preferably (C 1 -C 3 )alkylthio, phenylthio, 
formyl, acetyl, benzoyl, carboxyl or carboxylate, chloro- 
sulfonyl, sulfo or sulfonate, alkoxycarbonyl, more pref- 
erably (C r C 2 )alkoxycarbonyl, trialkylsilyl, more prefer- 
ably trifC^-C^alkylsilyl, trialkyltin, more preferably tri 
(C^-C^alkyltin, or halo. 

[0011] "Alkyl" means a primary alkyl chain and in- 
cludes, for example, methyl, ethyl, n-propyl, n-butyl, iso- 
butyl, n-amyl and n-hexyl. "Alkoxy" means a linear or 
branched alkoxy group and includes, for example, meth- 
oxy, ethoxy, isopropoxy and n-propoxy. "Alkylthio" 
means a linear or branched alkyl group attached to a 
sulfur atom and includes, for example, methylthio, ethyl- 
thio, isopropylthioand n-propylthio. "Fluoroalkyl" means 
a linear or branched alkyl group substituted with one or 
more fluorine atoms and includes, for example, trifluor- 
omethyl, perfluoroethyl and 2,2,2-trifluoroethyl. "Fluor- 
oaikoxy" means a linear or branched alkoxy group sub- 
stituted with one or more fluorine atoms and includes, 
for example, trifluoromethoxy and perfluoroethoxy. 
"Fluoroalkylthio" means a linear or branched alkyl 
group, substituted with one or more fluorine atoms, at- 
tached to a sulfur atom and includes, for example, trif- 
luoromethylthio and perfluoroethyithio. °N,N-dialkylcar- 
boxamide" means a carboxamide group wherein the ni- 
trogen atom is substituted with two alkyl groups, or two 
alkyl groups taken together to form a heterocyclic struc- 
ture containing the nitrogen atom, and includes, for ex- 
ample, diethylcarboxamide, diisopropylcarboxamide 
and N-formylpiperidine. 



[0012] Any anhydrous, aprotic solvent may be used 
in the steps wherein a compound of formula (II) is react- 
ed with sec-butyllithium compound to form a lithiopyrid- 
ine intermediate of formula (III) and the intermediate of 

s formula (III) is reacted with an electrophile to form a 
2-substituted pyridine of formula (I). Suitable aprotic sol- 
vents include, for example, ethers such as diethyl ether, 
tert-butyl methyl ether and ethylene glycol dimethyl 
ether, cyclic ethers such as tetrahydrofuran and diox- 

10 ane, and alkanes, such as hexane, heptane and pen- 
tane, and aromatic solvents such as cumene, as well as 
mixtures thereof. Ethers are a preferred solvent. 
[0013] Usually, an oxygen-free atmosphere is used in 
the process up until the point wherein the electrophile 

is has completely reacted with the lithio pyridine of formula 
(III) to form the 2-substituted pyridine of formula (I). 
[0014] The process of both steps (i) and (ii) is con- 
ducted at any convenient temperature and is preferably 
conducted at a temperature of from about -100°C to 

20 about 25°C. More preferred temperatures are those at 
or less than 0°C. An even more preferred temperature 
is from about -78*C to about -30°C in step (i) and from 
about -78°C to about 0°C in step (ii). 
[001 5] Reaction time for step (i) of the process is from 

25 about five minutes to about 12 hours and is somewhat 
dependent on the size of the reaction and the reactor 
configuration. Preferably, the reaction time for step (i) is 
from about one to about six hours and more preferably 
is from about one hour to about four hours. Reaction 

30 time for step (ii) of the process is from about one minute 
to about two days and is also somewhat dependent on 
the size of the reaction and the reactor configuration. 
Preferably, the reaction time for step (ii) is from about 
one minute to about 12 hours and more preferably is 

35 from about one minute to about four hours. 

[0016] In step (i), the sec-butyllithium is added to a 
compound of formula (II). In step (ii), the electrophile is 
added to a compound of formula (III) or the addition can 
be reversed. However, it is preferred that the elec- 

40 trophile is added to a compound of formula (III). 

[0017] The folbwing examples are meant to further 
illustrate the present invention and are not limiting to its 
scope which is defined by the claims. 

45 Example 1 : Preparation of 2-Acetyl- 
5-chloropyrldine 

[0018] A two liter 4 neck flask was equipped with a 
stirrer, a thermometer and a 250 ml_ addition funnel. The 

so reaction setup was flushed with nitrogen overnight. A 
1 .3 M cyclohexane solution of sec-butyllithium (222 mL, 
0.289 mol) was charged to the addition funnel with a 
cannula. 2-Bromo-5-chloropyridine (57.72 g, 
MW=192.4, 0.30 mol) and 600 mL of ethyl ether were 

55 charged to the flask and then cooled in an acetone/dry 
ice bath. The temperature of the resultant slurry was 
-76°C. The sec-butyllithium was added dropwise at a 
rate to maintain the temperature at -74°C or lower. The 
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addition took 1.5 hours. When the addition was com- 
plete the addition funnel was rinsed with 20 mL of ethyl 
ether, then charged with 30.7mL of N,N-dimethylaceta- 
mide (MW=87.12, d=0.937, 0.330 mol) and 30 mL of 
ethyl ether. Ten minutes after the completion of the sec- 
butyl lithium addition, the N,N-dimethylacetamide solu- 
tion was added dropwise to the reaction mixture, again 
maintaining the temperature at -74*C or less. This ad- 
dition took about 40 minutes. The reaction mixture was 
held at -76°C for one hour after the N,N-dimethylaceta- 
mide addition was complete, then the bath was removed 
and the temperature allowed to warm to -30°C. At this 
temperature the cold bath was replaced and the reaction 
was quenched with 200 mL of 3 N HCI. The reaction 
mixture was allowed to warm to room temperature and 
held overnight. The phases were separated, the ethyl 
ether phase washed with water and saturated brine and 
then dried over anhydrous MgS04. The ethyl ether was 
stripped, the crude product dissolved in methylene chlo- 
ride and then treated with one weight equivalent of silica 
gel. The resulting slurry was filtered through Celite and 
stripped. The product was recrystallized from hexane to 
give 29.35 g of 2-acetyl-5-chloropyridine (65% yield 
based on sec-butyllithium, the limiting reagent). 
[001 9] In a comparative run using similar amounts of 
reagents and procedures, but with the substitution of n- 
butyllithium for sec-butyllithium, the yield of 2-acetyl- 
5rchloropyridine amounted to 30%. 

Example 2 : Preparation of 2-Acety!-5- 
(trrfluoromethyi)pyridine 

[0020] A 250 mL three neck flask was flushed with ni- 
trogen. A solution of 4.20 g of 2-bromo-5-(trifluorome- 
thyl)pyridine in 50 ml of anhydrous ethyl ether was 
cooled to -78°C. The seo-butyllithium (15.8 mL, 1.2M) 
was added dropwise over 40 minutes and the tempera- 
ture maintained at -72° C or lower. When the addition 
was complete the reaction was held for 1 0 minutes, then 
treated with 1 .85 mL of N,N-dimethylacetamide in 1.85 
ml of ethyl ether while maintaining the temperature at 
-74° C or less. The reaction mixture was held at -78°C 
for 1 5 minutes, then the bath was removed and the tem- 
perature allowed to warm to 0°C. At this temperature 
the cold bath was replaced and the reaction was 
quenched with 20 mL of 1 N HCI. The reaction mixture 
was allowed to warm to room temperature and held 
overnight. The phases were separated, the ethyl ether 
phase was washed with water and saturated brine, dried 
over anhydrous MgS0 4 and the ethyl ether stripped. 
The product was purified by column chromatography to 
give 0.4 g of 2-acetyl-5-(trifluoromethyl)pyridine as a 
yellow oil (10% yield). This product contained traces of 
solvent and roughly 5% of an impurity. Additional, less 
pure material was also obtained. 
[0021] Using similar reaction conditions, but substitut- 
ing n-butyllithium for seo-butyllithium, the reaction of 
2-bromo-5-trifluoromethylpyridine on roughly the same 
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scale (4.52 g) gave no desired product. 
[0022] It should be understood that the instant speci- 
fication is set forth by way of illustration and not limita- 
tion, and that various modifications and changes can be 
made without departing from the spirit and scope of the 
present invention as defined by the appended claims. 



Claims 

1 . A process for preparing a 2-substituted pyridine of 
formula (I) 




Y (I) 



comprising the steps of 



(i) reacting a 2-substituted pyridine of formula 
(II) 




Y (II) 



with sec-butyllithium to form a 2-lithiopyridine 
intermediate of formula (III) 




Y (III) 



and 

(ii) reacting a 2-lithiopyridine intermediate of 
formula (III) with an electrophile to form a 
2-substituted pyridine of formula (I) wherein 
X is bromo or iodo, 

each Y is a group that is not reactive with the 
lithium compound underthe reaction conditions 
used and 

Z is the residue of the electrophile. 



4 



7 



EP 0 955 291 A1 



8 



2. The process of claim 1 wherein each Y is independ- 
ently selected from the group consisting of a hydro- 
gen atom, fluoro, chloro, alkyl, fluoroalkyl, trichlo- 
romethyi, alkoxy, fluoroalkoxy, alkylthio, fluoro- 
alkylthio, N,N-dialkylcarboxamide, phenyl, and s 
phenyl substituted with one or more groups inde- 
pendently selected from fluoro, chloro, alkyl, fluor- 
oalkyl, alkoxy, fluoroalkoxy, alkylthio, fiuoroalkytth- 

io, and N,N-dialkylcarboxamide. 

10 

3. The process of claim 2 wherein each Y is independ- 
ently selected from the group consisting of a hydro- 
gen atom, fluoro, chloro, (C r C 4 )alkyl, ftuorofC^-C^ 
alkyl, (C 1 -C 4 )alkoxy, fluoro^ -C 4 )alkoxy, (C r C 4 ) 
alkylthio, fluoro(C r C 4 )alkylthb, N,N-di(C r C 2 ) is 
alkylcarboxamide, phenyl, and phenyl substituted 
with one or more groups independently selected 
from fluoro, chloro, (C^C^alkyl, fluoro(C 1 -C 2 )alkyl, 
(C^gjalkoxy, fluoro(C r C 2 )alkoxy, (C r C 2 )alkylth- 

io and fluorot^^Jalkylthio. 20 



to. 

9. The process of claim 8 wherein Z is (Cj-CeJalkyI, 
(CT-CaJalkoxyfC^-CgJalkyl, (C^-CaJalkylthio, phe- 
nylthio, formyl, acetyl, benzoyl, carboxyl or carbox- 
ylate, chlorosulfonyl, suifo or sulfonate, (C,-C 2 ) 
alkoxycarbonyl or tri(C 1 -C 4 )alkylsi!y I. 

10. The process of claim 1 wherein X is bromo. 

11. The process of claim 1 further comprising the use 
of an anhydrous, aprotic solvent which is an ether, 
a cyclic ether, an alkane, an aromatic solvent or a 
mixture thereof. 

12. The process of claim 11 wherein the solvent is an 
ether. 



4. The process of claim 3 wherein each Y is independ- 
ently selected from the group consisting of a hydro- 
gen atom, fluoro, chloro, methyl, ethyl, methoxy, 
ethoxy, trifluoromethyl and trifluoromethoxy. 25 



5. The process of claim 5 wherein each Y is independ- 
ently selected from the group consisting of a hydro- 
gen atom, fluoro, chloro, trifluoromethyl and trifluor- 
omethoxy. 30 



6. The process of claim 1 wherein the electrophile is 
selected from the group consisting of an alkyl io- 
dide, a bromoalkyl alkyl ether, an todoalkyl alkyl 
ether, an aldehyde, a ketone, a N.N-dialkylamide, 35 
an alkyl sulfate, a boron ester, an alkyl disulfide, an 
aryl disulfide, a nitrile, an alkyl chloroformate, car- 
bon dioxide, a trialkylsilyl chloride, a trialkyrtin chlo- 
ride, sulfur dioxide, sulfonyl chloride and a source 
of positive halogen. 40 



7. The process of claim 6 wherein the electrophile is 
selected from the group consisting of iodomethane, 
iodoethane, iodopropane, bromomethyl methyl 
ether, iodoethyl ethyl ether, formaldehyde, benzal- 45 
dehyde, benzophenone, N,N-dimethylformamide, 
N,N-dimethylacetamide, N-formylpiperidine, 
dimethylsulfate, trimethyl borate, triisopropyl bo- 
rate, methyl disulfide, ethyl disulfide, phenyl di- 
sulfide, acetonitrile, propiononitrile, methyl chloro- so 
formate, ethyl chloroformate, carbon dioxide, tri- 
methylsilyl chloride, trimethyltin chloride, sulfur di- 
oxide and sulfonyl chloride. 



8. The process of claim 1 wherein Z is alkyl, alkoxy- ss 
alkyl, alkylthio, phenylthio, formyl, acetyl, benzoyl, 
carboxyl or carboxylate, chlorosulfonyl, sulfo or sul- 
fonate, alkoxycarbonyl, trialkylsilyl, trialkyltin, or ha- 
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